Abstract. Technologies for storing agricultural products include heating, cooling and humidifying in order to protect the products from overcooling, overheating and dehydration. Due to improper storage conditions, farms suffer huge losses. When storing grain, it is necessary to know its temperature and humidity and conduct welltimed technological operations that ensure the grain's high-quality safety. The developed remote monitoring and control distributed system for the granary technological processes allows monitoring the temperature, relative humidity and concentration of ammonia both in the grain mass and headspace and controlling the cooling and heating processes, as well as maintaining the necessary humidity and air sanitation in the granary.
Introduction

Materials and methods
Depending on the tasks to be solved, the structure of the automated system for controlling the technological processes in the granary may be of different types. If several granaries are under control, centralized management of them should be organized. To solve the task of controlling technological processes in large areas of granaries, it is advisable to use a system built on a distributed principle (DCS). Distributed Control System (DCS) is a technological process control system distinguishing by the design of a distributed input-output system and decentralized data processing. The DCS-system's main feature is a deep integration of code development tools for the visualization-and control levels [10] . Fig. 1 presents the structure of the distributed system for remote monitoring and control. 
Fig. 1. Block diagram of developed remote monitoring and control distributed system
The system has a three-level structure. The lower I/O level contains sensors and actuators. The middle level consists of controllers that process the data received, form controlling actions and transfer data to the upper level. At the top level, there are database servers and operator stations (automated workstations); their task is to provide the operator human-machine interface and to exchange with the server and controllers. Controllers, input and output modules, sensors, actuators are spaced and interconnected by wired and wireless communication channels [11] .
At the lower level, the control devices take the information off the sensors. The system allows connecting the following sensors:
• contact temperature sensors DS18S20 (Dallas Semiconductor) with programmable resolution from 9 to 12 bits, having a unique 64-bit serial code with exchange via a digital bus; • non-contact temperature sensors (infrared thermometers) MXL90614 with SMBus output b;
• humidity sensors SHT75 (Sensirion), equipped with a 14-bit ADC and a serial interface circuit I2C; • ammonia sensors DA-14-1 with digital output.
Distribution of functions of the system to several levels with partial duplication of information of sensors provides high fault tolerance of the system in general. Digital temperature sensors make it possible to avoid many of the problems associated with the transmission of an analog signal from the sensor to the controller's input. These problems are due to the fact that the output of the thermal sensor is usually low-power and the transmission line of the analog signal is highly susceptible to electromagnetic fields and interference, which can significantly distort the measurement results. In addition, in case if the sensor is remote, the voltage drop on the line must also be taken into account, as it complicates the measurement results processing. When using a digital temperature sensor, the analog-to-digital signal conversion is performed directly on the chip. The data come to the receiver in a digitized form [10; 12; 13] .
Measurements of the grain mass temperature and the rates of temperature changes at different levels in the granaries are carried out using DS18S20 sensors, the temperature range of which is from minus 55 ºC to plus 125 ºC with an error of not more than 0.5 ºC. The interrogation time of one sensor is 0.75 s.
Measurement of the temperature in the headspace is carried out by means of infrared MXL90614 thermometers with a close to I2C SMBus output. The range of temperature determination on the remote surface is from minus 70 ºC to plus 380 ºC with an error of not more than 0.5 ºC. The result of the measurement is the averaged temperature of all the objects getting the working area of the sensor.
The relative humidity sensor SHT75 is a capacitive polymer humidity sensor that operates with a 14-bit analog-to-digital converter, a serial two-wire interface and an integrated voltage regulation system located in a single chip. Humidity measuring range is 0-100 % rH with an error of 2.0 %. The sensor response time is 4 sec [14] .
The ammonia sensor DA-14-2 with digital output is designed for automatic and continuous monitoring of ammonia concentration in the air. Response time for ammonia is 180 sec, the length of the communication line between the sensor and the control unit is up to 600 m.
Thresholds for ammonia:
• warning -200 mg·m -3 ; • alarm -500 mg·m -3 .
The placement of sensors inside the granary is presented in Fig. 2 . The number of sensors and servicing controllers is selected individually depending on the configuration of the object. 
Fig. 2. Placement of sensors inside granary
All sensors in the multidrop mode have their own unique address; therefore, the access to each sensor goes to the corresponding address. The controller, which "serves" a group of sensors, detects all the sensors connected to the line, and can work with any of them.
The information received from the sensors enters the controllers, where it is processed. The connection scheme of the sensor cables to the dispatcher's workstation is shown in Fig.3 . During the processing digital signals are converted into real values of temperature, humidity and ammonia concentration. This information is then transmitted to a personal computer and the dispatcher's workplace, where it is displayed in a real-time mode. The computer is continuously connected to the database server, where the results are stored. The information can be stored indefinitely, which allows getting records for any period of time [10] .
Since all sensors are equipped with a digital interface, there is no need for additional equipment for interface conversion when connecting to mid-level controllers. Dispatcher's Workplace
Fig. 3. Scheme connecting sensor cables to dispatcher's workstation
The middle level of the remote monitoring and control distributed system is formed of controllers that, under the control of the server, perform:
• receiving and transmitting data from sensors having different transmission rates and exchange protocols; • converting the collected information into a single format;
• communication with the server of the distributed monitoring system via serial communication lines RS-485 under the CAN, Modbus, etc., protocols.
The maximum number of devices connected to one sensor controller via the I2C interface is limited by the load capacity of this interface and in the simplest case it is 128.
The emergency controller is equipped with a GSM/GPRS modem and provides text messages about emergency situations via the GSM/GPRS channel to the server and the dispatcher's workstation. The emergency controller is connected to the sensor controllers via a digital interface RS-485 [11] .
As the controllers that make up the system middle level, it is advisable to use the Arduino family boards, namely Arduino Uno, built on the ATmega328 microcontroller. The ATmega 328 controller possesses Flash, SRAM and EEPROM memory:
• FLASH -32kB, of which 0.5kB is used to store the loader;
• EEPROM -1kB (it is available using the EEPROM library).
Each board has 6 analog inputs, 14 digital outputs of general purpose (can be both inputs and outputs), a 16 MHz crystal oscillator, two sockets (power and USB), an ISCP connector for in-circuit programming and a hot reset button. For steady operation, the board must be powered either through the built-in USB connector or by connecting to the source from 7 to 12V. The board mainly differs from preceding boards of the Arduino Family in that it features the separate Atmega8U2 microcontroller instead of the FTDI programmer chip [15] .
To communicate with external devices (a computer and other microcontrollers) there are several additional devices on the board. On the RX and TX pins, the ATmega328 controller supports an UART serial communication interface. ATmega8U2, which plays the programmer's role on the board, translates this interface via USB, allowing the platform to communicate with the computer via a standard COM port. The ATmega8U2 controller firmware uses standard USB-COM drivers, so no additional drivers are required for the connection.
The board provides communication via UART interface both by hardware and software. The board also supports the main interfaces for interaction with peripherals: SPI and I2C (TWI).
The upper level − the server system − consists of one or more servers working together and providing centralized monitoring and control of the granary technological processes.
The servers' software performs the following tasks:
• collects, processes, and stores information from sensors of physical values;
• makes a decision on the control signals generating for the object equipment;
• forms the user's graphical interface;
• controls the users' access to the system and their privileges in the system;
• combines several servers into a single information system and ensures the joint action of these servers.
The configuration of each server of the system is determined by the amount of object equipment connected to it. If the system is connected to the objects with the use of GSM-and Ethernet-networks, the server must be equipped with a transceiver GSM-modem and/or a network card respectively, to receive and transmit object information [16] .
The dispatcher workstation is the user's access point to the system. It is an ordinary workstation connected to the Customer corporate Ethernet network.
The system has a Web-oriented interface and is accessed through a regular browser (Internet Explorer, for example). Therefore, when connecting a new dispatch computer no additional software is required to access the system. The maximum number of dispatcher workstations is practically unlimited.
The graphical interface of the system provides an intuitive color coding system to inform on the parameters: the color green corresponds to the normal non-emergency mode of operation; the color red indicates accidents, and yellow means lost connection.
The built-in graphical display tools allow creating screen images (mnemonic diagrams) of any complexity, including infinitely embedded in each other. Editing the structure of the object (removal or addition of equipment), as well as changing the parameters of its connection is carried out by the user through the Web-interface. Availability of the built-in library of devices and their drivers allows quick changing the composition of the object, if necessary, with a minimum time-and financial costing [11] . Conclusions 1. The proposed distributed system for remote monitoring and control in the granaries makes it possible to monitor the temperature, relative humidity and concentration of ammonia both in grain mass and in headspace and to control the processes of cooling, heating, maintaining the necessary humidity and air sanitation in the granary. 2. The developed system features decentralized processing of primary data and availability of distributed input and output systems. 3. The advantages of the given distributed system are increased fault tolerance, scalability, simple configuring, standard and unified database structure. 4. The main ideas of the developed system are used by the agricultural enterprises of Stavropol Region.
